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Abstract  – The 300 K equation of state of cubic (zinc-blende) boron phosphide BP has been 
studied by in situ single-crystal X-ray diffraction with synchrotron radiation up to 
55 GPa. The measurements have been performed under quasi-hydrostatic conditions 
using a Ne pressure medium in a diamond anvil cell. A fit of the experimental p-V 
data to the Vinet equation of state yields the bulk modulus B0 of 179(1) GPa with its 
pressure derivative of 3.3(1). These values are in a good agreement with previous 
elastic measurements, as well as with semiempirical estimations. 
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There are two boron phosphides: boron phosphide (BP) and icosahedral boron subphosphide 
(B12P2) [1, 2]. Both are refractory and wide bandgap semiconductors, and have attracted 
considerable interest for their superior physical properties, such as outstanding high-temperature 
stability and high thermoelectric power for direct energy conversion. These properties suggest 
many uses in modern technology. For example, they would be promising materials for large-
surface-area liquid junction solar cells. Also, BP is characterized by a unique combination of 
properties that could make it a material of choice for a wide range of engineering applications 
[2]. BP shows promising mechanical [3], thermal, and electrical properties, excellent thermal 
conductivity (4 W cm–1 deg–1) [4] and a high thermoelectric power. The high thermal neutron 
capture cross-section of the 10B isotope makes boron phosphide appealing for a solid state 
neutron detector [5, 6]. Furthermore, the lattice parameter of BP closely matches that of zinc- 
blende gallium nitride, making it a suitable buffer layer on silicon for GaN light emitting diodes 
and laser diodes [7]. 
Although the promising aspect of extending injection luminescence to materials with large band 
gap has stimulated interest in BP, its high melting point combined with its high phosphorus 
vapor pressure makes growing of the single crystals difficult [8, 9]. The application of high 
pressure could, from one side, allow avoiding the oxidation and facilitate the growth of BP 
crystals, and, from other side, result in the synthesis of new high-pressure phase(s) in the B–P 
system. Thus, the equation of state as well as high-pressure thermal expansion data are of great 
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importance for synthesis of this advanced material. However, at present the high-pressure 
behavior of boron phosphides is poorly studied and the available information is contradictory 
[10–12]. Here we report the equation of state data for single-crystal BP up to 55 GPa. 
Single crystals of BP with sizes up to 100 µm were obtained using flux growth technique by 
interaction of phosphorus vapor with boron dissolved in nickel in a sealed (previously evacuated) 
quartz tube [13]. The boron-nickel solution was located at one end of the tube and held at 
1150C, while the phosphorus, which was initially located at the opposite end, was heated to 
430C (to produce a vapor pressure up to 0.5 MPa). Transparent red crystals were obtained with 
a cooling rate of 3 K/h. The lattice constant of the crystals was 4.534 Å, close to the literature 
data (a = 4.538(2) Å [14]). 
In situ X-ray diffraction experiments in a diamond anvil cell (DAC) were conducted at ID27 
beamline of the European Synchrotron Radiation Facility (ESRF). A large-aperture membrane-
type DAC with anvil tips 250 µm in diameter has been used. A small (~ 15 m) single crystal of 
BP was loaded together with a small ruby ball (less than 5 m in diameter) into the 90 µm 
diameter hole drilled in a rhenium gasket of 250 µm thickness preindented down to 28 µm. The 
BP crystal and pressure marker were placed within a few micrometers to each other close to the 
center of a diamond culet. Neon pressure medium has been used to maintain quasi-hydrostatic 
conditions. Pressure was determined in situ from the calibrated shift of the ruby R1 fluorescent 
line [15] and equation of state of neon [16]. High-brilliance focused (3  3 m2) synchrotron 
radiation was set to a wavelength of 0.3738(1) Å. High-pressure X-ray diffraction patterns were 
collected using on-line large-area Bruker CCD detector up to 55 GPa with exposure times 
varying from 3 to 5 min. The diffraction patterns were processed with FIT2D and General 
Structure Analysis System (GSAS) software. 
Up to 40 GPa both pressure gauges (ruby, neon) indicated very close pressures, which points to 
the negligible strains and stresses, as well as inessential pressure gradients all over the cell. At 
higher pressures, Ne equation of state has been used as a pressure gauge. Single-crystal 
reflections (Fig. 1) were individually integrated after refinement of the beam center. The small 
differences between apparent lattice parameters for different Bragg lines (111 and 200 of Ne, 
220 and 331 of BP) indicated the quasi-hydrostatic conditions during the measurements up to 
55 GPa. Also, no evidence for any phase transformation to another crystalline structure of BP, or 
to an amorphous phase has been found over the pressure range studied. 
Three theoretical equations of state were used to establish isothermal bulk modulus B0 and its 
first pressure derivative B0', i.e. those of Vinet [17], Birch-Murnaghan [18], and Murnaghan [19]. 
The fitting results are listed in the table, while the Vinet fit is presented in Fig. 2. In the 
compression range probed here, all three models fit the data equally well and give almost the 
same values for B0 and B0'.  
The fitted value of bulk modulus (B0 = 179(1) GPa with Vinet fit) well agrees with those 
obtained by elastic measurements (B0 = 173 GPa) [20] and semi-empirical estimations 
(B0 = ~ 180 GPa) [21, 22]; while it is somewhat higher (8.5 %) than the B0 value estimated from 
the Cohen relationship between bulk moduli and interatomic A–B distances of diamond-like 
AXB8–X compounds (B0 = 165.3 GPa) [23]. In contrast, the previously reported experimental B0 
value of 267 GPa [24] (derived from a non-hydrostatic experiment without pressure medium) 
seems to be highly overestimated. 
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Fig. 1 X-ray diffraction patterns of single-crystal BP in Ne pressure medium at different 
pressures. The rhenium reflections arise from the gasket material. 
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Fig. 2 300 K equation of state data for single-crystal BP (o – present work, solid line – 
fit to the Vinet EoS).  
 
Table Comparison of equation-of-state data of cubic BP to various EoS [17-19]. The 
zero-pressure volume V0 was fixed to 93.2061Å3 
 
Model Vinet  Birch-
Murnaghan  
Murnaghan  
BP 
(this study) 
B0 = 179(1) GPa 
B0' = 3.3(1) 
B0 = 178(1) GPa 
B0' = 3.3(1) 
B0 = 180(1) GPa 
B0'  = 3.0(1) 
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